Background. There is need for more information on behavioural rhythms of fi shes in relation to their habitat use in few or not previously monitored areas, such as coralligenous habitats. Some studies have compiled inventories of observable fi sh species in this habitat, but no studies have been performed on the temporal patterning of fi sh behaviour, especially at the scale of the day. The presently reported study aims at providing knowledge on fi nescale fl uctuations of abundances and behaviour of two fi sh species in coralligenous habitats throughout the diurnal period. Materials and methods. Fish fauna was fi lmed hourly, for several days, from dusk to dawn, with autonomous, programmable, and rotating video systems. Diurnal variations in abundances per count, considering size classes and behaviour, were studied for two diurnal fi sh species-the Mediterranean rainbow wrasse, Coris julis (Linnaeus, 1758) (Labridae), and the common two-banded seabream, Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) (Sparidae) in two study areas of coralligenous habitats on the French Riviera.
INTRODUCTION
Light intensity and photoperiod drive the activity rhythms of marine organisms, especially highly mobile animals such as fi shes (Horodysky et al. 2008 ). In the wild, animals time their activities to coincide with what for them is the most advantageous phase of the solar day, a concept widely known as biological rhythm (Reebs 2002) . Differences in the diel distribution of fi sh assemblages have been related to several driving forces: feeding (Polunin and Klumpp 1989 , Piet and Guruge 1997 , Carpentieri et al. 2005 , predator avoidance (Nagelkerken et al. 2000 , Hammerschlag et al. 2010 , shelter seeking (Hobson 1972) , social interactions (Fréon et al. 1996 , Bégout Anras et al. 1997 , and reproductive behaviours (Samoilys 1997) . Although the diel rhythms of some fi sh species are well known under controlled laboratory conditions, studies under natural conditions remain scarce (Willis et al. 2006 , Azzurro et al. 2013 , Myers et al. 2016 , partly due to observational challenges in the marine environment. However, there is need for more information on behavioural rhythms in relation to the habitat use of fi shes in few or not previously monitored areas, especially highly ecologically valuable habitats.
Coralligenous habitats represent one of the most important biodiversity "hot spots" in the Mediterranean Sea (Giakoumi et al. 2013) . They are composed of complex stratifi ed structures of calcareous sciaphilic organisms, which are colonized by prostrate and erect algae, as well as bio-constructing animals (Ballesteros 2006) . Coralligenous habitats host 20% of Mediterranean species, containing 315 algal-, 1241 invertebrate-, and 110 fi sh species (Ballesteros 2006) .
Even though the fi sh fauna of adjacent ecosystems, such as infralittoral rocky reefs, sea grass meadows, and soft bottoms are well known (Reñones et al. 1997 , Letourneur et al. 2001 , La Mesa et al. 2011 , fi sh fauna associated with coralligenous habitats have been given little attention due to its depth and complexity (Guidetti et al. 2002) . Some studies have compiled inventories of observable fi sh species in this habitat (Harmelin 1990 , Francour 1997 , Guidetti et al. 2002 , Casellato and Stefanon 2008 , but to our knowledge no studies have been performed on the temporal patterning of fi sh behaviour in coralligenous habitats.
The majority of the studies dealing with temporal variations of fi sh fauna focus on annual-, seasonal-, and monthly variations (Guidetti et al. 2002 , Moranta et al. 2006 , Deudero et al. 2008 , Condal et al. 2012 , Koeck et al. 2014 . At a fi ner temporal scale, diurnal-nocturnal shifts have been investigated in fi sh assemblages (Nagelkerken et al. 2000 , Santos et al. 2002 , Carpentieri et al. 2005 , Harvey et al. 2012 ) and in single species (D'Anna et al. 2011 , Koeck et al. 2013 . This study will focus on diurnal rhythms of fi sh species. Until now, diurnal rhythms have been studied in relation to abundances of fi sh species (Willis et al. 2006 , Chabanet et al. 2012 , but rhythms of different size classes within the same species have rarely been taken in account (Gries et al. 1997) . Nevertheless, the study of their respective activity rhythms is important for their management and better understanding of their roles in the ecosystem (Koeller et al. 1986, Martha and Jones 2002) .
The study of fi sh behavioural rhythms in the fi eld requires sampling at high frequency over several consecutive 24 h cycles . The monitoring by underwater video has been demonstrated as an effi cient and non-destructive tool for studying fi sh abundance and behaviour (Fox and Bellwood 2008 , Layton and Fulton 2014 , Noble et al. 2014 , Pink and Fulton 2015 . Different video systems exist such as baited remote underwater video (BRUV) (Watson et al. 2005 , Cappo et al. 2007 , Lowry et al. 2012 , diver operated video (DOV) (Hall and Hanlon 2002, Langlois et al. 2010) , cabled video observatories , and unbaited, remote underwater video (RUV) (Pelletier et al. 2012) . The latter was used in this study to monitor the diurnal rhythms of two coastal fi sh species in coralligenous habitats. A labrid, the Mediterranean rainbow wrasse, Coris julis (Linnaeus, 1758) , and a sparid, the common two-banded seabream, Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817), were chosen for this study. Sparidae and Labridae are the dominant families in abundance and number of species in coralligenous habitats (Harmelin 1990 , Guidetti et al. 2002 , hence one species of each family was chosen. They are described as diurnal species (Harmelin 1987 , Azzurro et al. 2007 , which are common in coralligenous habitats (Harmelin 1990 , Guidetti et al. 2002 and which are easily recognizable on video samplings.
The Mediterranean rainbow wrasse, Coris julis, is a small temperate, moderately short-lived (2 to 4 years on average) demersal, shallow-water reef fi sh and is the dominant coastal wrasse in northern, shallow waters of the Mediterranean Sea. It has a sedentary lifestyle in strong association with rocky algal assemblages in sea grass beds, rocky and coralligenous habitats down to the depth of 50 m. Coris julis is known to show a clear diurnal circadian rest-activity cycle, with a migration at sunset from feeding grounds, where it spends the day, to nocturnal resting ground, where it buries itself in the sandy bottom during night-time (Videler 1986 , Harmelin 1987 , De Pirrott et al. 1999 , Azzurro et al. 2007 ).
The common two-banded seabream, Diplodus vulgaris, is abundant in the sublittoral rocky bottoms down to the depth of 100 m (Gordoa and Molí 1997) . High site fi delity was shown for this species with a home range size less than 1 km² (Alós et al. 2012) . Its activity rhythm is still under discussion. Generally characterized as a diurnal species , other studies reveal no discernible rhythmicity (Santos et al. 2002 , Alós et al. 2012 .
Both species are known as diurnal species, but knowledge is lacking on fi ne-scale fl uctuations of abundances, considering size-classes, and behaviour throughout the diurnal period. Hence, the following questions were addressed in our study:
• Do the abundances of these two species vary during the diurnal period in coralligenous habitats? • Are there any temporal fl uctuations of abundances of different size classes within the same species? • How does the individual behaviour of diurnal species vary during the diurnal period?
MATERIAL AND METHODS Study areas. Two study areas of coralligenous habitats were chosen in the French Riviera (Fig. 1) . They represent similar depth profi les (0-50 m) and the same morphology of coralligenous frameworks (rim morphology) developing on vertical cliffs (Ballesteros 2006) . The coralligenous habitats of both study areas were characterized as "Lithophyllo-Halimedetum tunae" facies known to shelter an elevated species richness (mean value: 76 species × 10 m -2 ) (Ballesteros 2006) . This facies is known to occur from a depth of 12-15 m to 30-35 m on the French Mediterranean coast (Ballesteros 2006) .
The fi rst study area is located in the marine protected area (MPA) of the Port Cros National Park (hereafter PC), at the Vessel's spit on the southeast coast off Port Cros Island (Fig.  1) . The spit is a rocky spur whose east side is characterized by coralligenous habitats between depths of 30 and 45 m (Harmelin 1990 ). They form a narrow border limited by coastal detritus sediments from the open sea. These bioconcretions are of remarkable ecological interest and are considered to be in "pristine" conservation status, with high conservation priority (Astruch et al. 2012) . The protection measures for the MPA mainly concern mooring restrictions and the banning of towed fi shing gears and spear fi shing.
The second study area, Deux Frères (hereafter DF), belongs to the European Natura 2000 network due to its rich coralligenous habitat (Fig. 1) . In contrast to PC, there is no restriction about fi shing and mooring. DF is composed of two emerging coastal rocks with a steep cliff descending to a depth of 50 m, 600 m off the coast. The area is characterized by a strong offshore swell and strong currents and is exposed to discharges from the "Amphitria" water treatment plant. Sampling technique and procedure. A programmable, remote, and autonomous rotating video system was used in this study. The system was composed of a waterproof housing with a HD camera (Sony HDR-XR 520), fi lming in a full HD resolution of 1920 × 1080 pixels, a rotary motor, and a timer, which triggered the camera and the motor. A complete description of the system is given in Pelletier et al. (2012) . The housing rotated by sectors of 60° every 30 s; hence a complete rotation of 360° was accomplished within 3 min. The 360° view provided panoramic images, while avoiding the image distortion characteristic of fi sheye lenses (Pelletier et al. 2012 ). For our study, the video systems were programmed to record automatically, each hour during daylight, three complete 3-min rotations during a total of 9 min without any external disturbance. Video systems were installed by divers in three stations in each study area and left in place for at least 48 h. The number of video observations per study area was adapted to the sunset and sunrise times of the respective sampling periods:
• DF: 09:00-17:00 (sunrise: 08:07, sunset: 17:17); • PC: 07:00-18:00 (sunrise: 07:10, sunset: 18:25).
Hours were expressed in local time (UTC + 1:00).
In PC, three stations (1, 2, and 3) were chosen randomly and fi lmed in February/March 2014 (25 to 26 February and 5 to 7 March), 150 m off the coast of the Vessel's spit (GPS coordinates: 42°59.679′N, 06°24.473′E), with interstation distances of 5-10 m, and at depths of 30 to 36 m (Table 1) . Stations 1 and 2 were located at depths of 30 m and 33 m, respectively on a sandy substrate with eroded blocs close to a large platform of bioconcretions. Station 3 was placed at a depth of 36 m at the foot of the platform. 2  1  2  2  1  10:00  2  2  2  2  1  11:00  2  2  2  2  1  12:00  3  2  3  2  1  13:00  3  2  2  2  2  14:00  3  2  2  2  2  15:00  3  2  2  2  2  16:00  3  2  2  2  2  17:00  3  1  2  2  2  18:00  0  0  2  2  0  Total  24  16  25  22  15 In DF, three randomly chosen stations (I, II, and III) were fi lmed from 7 through 9 January 2014, 70 m off the south-eastern tip of the rocks (GPS coordinates: 43°02.684′N, 05°52.155'′E) (Table 1) . Station I was placed at a depth of 27 m on a small rocky platform composed of big rocks, facing a steep cliff with bioconcretions, covered with erected species, such as gorgonians (Eunicella spp., Paramuricea clavata). Station II was located 10 m below the fi rst one (depth of 37 m), at the foot of this steep cliff. Station III was placed at an intermediate depth of 33 m on a sandy patch in a fault between two cliffs of bioconcretions. Unfortunately, the camera in station III did not record due to an unexpected technical problem, hence only stations I and II were exploited in DF.
The number of hourly observation videos by station is detailed in Table 1 . In DF, the fi rst observation took place at 12:00 in station I on the fi rst day and at 10:00 on the second day in station II (7-9 Jan 2014). In PC, for the fi rst period, the camera started fi lming at 13:00 in station 3 (25-26 Feb 2014) . For the second period (5-7 Mar 2015), observations started at 12:00 in station 1, and at 13:00 in station 2 on the same day. Analysis of observation videos. For each hourly observation video, individuals of Coris julis and Diplodus vulgaris were identifi ed and quantifi ed by a single observer according to the procedure explained in Pelletier et al. (2012) . Individuals were counted per sector and then summed over the six sectors of a rotation of 360°. The mean abundance over rotations was calculated to average out the variability between rotations (Pelletier et al. 2012) .
To minimize potential double counting, the direction of fi sh movement and camera rotation were taken into account.
Nevertheless, recounting errors persist regardless the monitoring tool, and are considered as proportional upon the rate of swimming activity of individuals . Moreover, individual sizes were determined relative to three size-classes (small, medium, and large). Their size bounds corresponded to 1/3 and 2/3 of the maximum total length observed for individuals observed in the Mediterranean Sea (Coris julis: small: <8 cm, medium: 8-16 cm, large: >16 cm; Diplodus vulgaris: small: <11 cm, medium: 11-23 cm, large: >23 cm). The observer was trained to estimate individual sizes with a database of screenshots of plastic fi sh silhouettes of different colours (bright and dark ones), known sizes (0.2 m, 0.4 m, 0.6 m, 0.8 m, and 1 m) and known distances from the same camera (2 m, 5 m, 7 m, and 10 m) (Mallet et al. 2014 ). In addition, the behaviour of each individual of C. julis and D. vulgaris was analysed according to the behavioural categories defi ned in Table 2 , based on defi nitions of quantifi cation of fi sh behaviour in Fulton and Bellwood (2002) and Milazzo et al. (2013) .
In all, 102 exploitable videos were analysed, with 40 videos in DF (360 min in total) and 62 videos in PC (558 min in total). The time of analysis per hourly observation video ranged from 30 to 45 min. Therefore, 456 h were necessary for the complete analysis of all videos.
Statistical analysis. Abundances in numbers of individuals per count (hereafter ind. · count -1
) and mean percentages of individuals per behavioural category were calculated for Coris julis and Diplodus vulgaris separately over the three rotations of each hourly observation video. To avoid pseudo-replication over consecutive sampling Main individual activity Feeding The individual is observed feeding, the head is inclined towards the substratum and the jaws are in contact with or above the substratum/prey
Travelling or other activities
The individual is observed to be travelling with its body parallel and moving forward with the head fi rst relative to the substratum or to be searching with its head inclined towards the substratum/prey. The individual can also be observed resting
Intraspecifi c social behaviour Solitary
The individual is observed without any conspecifi cs Small group Individuals form small groups with conspecifi cs of the same species (2-10 individuals), where individuals either show the same or different main individual activities Gregarious Individuals are observed in groups (>10 individuals) with a schooling behaviour, sharing the same activity Mobility Mobile The individual is only observed for a few seconds crossing the camera's fi eld of view at a constant swimming speed and seems to travel (body parallel and moving forward head fi rst relative to the substratum)
Sedentary
The individual is constantly observed in the camera's fi eld of view without a travelling behaviour, and seems to feed, search or be stationary with the body parallel and static near or above the substratum, with or without moving fi ns
Defi nitions of the categories of main individual activities are defi ned based on the work of Fulton and Bellwood (2002) and Milazzo et al. (2013) .
days for a station, abundance and behaviour data was averaged over the sampling days for a given time of day and each station. For each species, differences in abundances (either grouped or by size class) and differences in behaviours were investigated according to the hour (9 levels in DF from 09:00 to 17:00, 12 levels in PC from 07:00 to 18:00) and the station (2 levels in DF, 3 levels in PC). Therefore, two-way PERMANOVAs were performed. Indeed, this method allows the handling of complex, unbalanced and multiple factors design and does not assume a normal distribution of errors (Anderson 2001) . The "time of the day" factor was treated as fi xed and the "station" factor as random (Anderson 2001) . Abundance data was log(x + 1) transformed before the generation of Euclidean distance similarity matrixes. For the behaviour data, the Bray-Curtis measure of similarity was used. P-values were calculated with 9999 random permutations of residuals under a reduced model and Type III sum of square (Anderson 2001) . Signifi cance was set at α = 0.05. The lack of replicates due to the averaging of data over consecutive sampling days was integrated in the PERMANOVA analysis by excluding the highest-order interaction term, as suggested by Clarke and Warwick (2001) . All these analysis were performed using the PRIMER 6 software and the PERMANOVA add-on (Clarke and Warwick 2001) .
RESULTS

Individuals of
Coris julis were observed in 100% of the videos in the two areas, whereas Diplodus vulgaris was identifi ed in 95% of the videos in PC and in 100% of the videos in DF. Considering data from the two study areas, different individual behaviours and the three size classes could be observed for both species. However, very few small C. julis were observed in DF (mean value: 0.1 ± 0.3 (SE) ind. · count -1 ), compared to 5.5 ± 7.8 (SE) small ind.
· count -1 in PC. In contrast, no small D. vulgaris were observed in PC, whereas they were present in DF. Temporal patterning and spatial variations of abundances. The global fi sh abundances per count varied between species and study areas: in DF, mean value 10.3 ± 5.4 (SE) ind. · count -1 of Coris julis and 4.7 ± 5.8 (SE) ind. · count -1 of Diplodus vulgaris were observed, whereas these fi gures reached respectively 25.6 ± 19.2 (SE) and 2.4 ± 2.3 (SE) ind. · count -1 in PC. Spatio-temporal activity rhythms varied greatly between species and study areas (Figs. 2-4) . In PC, grouped abundances per count of C. julis varied signifi cantly during the diurnal period (Table 3) , with few individuals in crepuscular periods and highest abundances in the morning and in the afternoon (Fig.  2) . These differences were mainly due to signifi cant diurnal variations in abundances of small and medium C. julis (Table 4) . Indeed, similar temporal patterning was observed for these size classes: their abundances were low at 07:00, highest in the afternoon, and decreased sharply in the evening (18:00) (Fig. 3) . In contrast, although not signifi cant, the abundances of large-sized individuals increased at the end of the day in PC (Fig. 3) . In DF, no signifi cant temporal variation of the abundances of C. julis was observed, whether considering size classes grouped or not (Tables 3 and 4 Besides temporal variations of abundances, signifi cant spatial variations of mean abundances per count were observed for the size classes of C. julis (except for small and large individuals in DF), and D. vulgaris (except for large ones in PC) (Table 4 ). This result is also true when size classes are considered grouped (Table 3) . For the two species, lowest mean abundances per count were observed in the deepest stations (PC-3 and DF-II). Temporal patterning and spatial variations of individual behaviour. Spatio-temporal changes in the three different behavioural types showed major variations between species and study areas (Figs. 5 and 6). Even though behavioural data should be interpreted with caution, some general temporal and spatial trends could still be discerned. Although differences were not signifi cant in PC (Table 5) , the main activity of Coris julis and Diplodus vulgaris changed between the morning (08:00-12:00) and crepuscular periods (07:00, 17:00-18:00) (Fig. 5) . During the morning (08:00-12:00), feeding was the main activity of the two species in both study areas, whereas this activity decreased during the crepuscular period (18:00), except for D. vulgaris in DF (Figs. 5 and 6 ). Moreover, feeding climaxes differed between the two species. In PC, the majority of C. julis was feeding at 09:00, whereas the feeding climax of D. vulgaris was at midday (Fig. 5) .
Regarding intraspecifi c social behaviour (solitary individuals or small groups), signifi cant temporal differences were found for C. julis in PC (Table 5) . Whereas the majority of C. julis formed small groups during the day, a major part of solitary individuals was observed during crepuscular periods (07:00, 18:00) (Fig.  5) . Even though not statistically signifi cant, the opposite social behaviour was observed for C. julis in DF with a sudden increase of grouped individuals at 17:00 (Fig. 6) .
Opposite patterns of the social behaviour were observed for D. vulgaris between DF and PC. Whereas the majority of individuals were observed solitary at the end of the day in DF (17:00), the opposite was true for PC (18:00) (Figs. 5 and 6) .
Moreover, signifi cant temporal differences of mobility/ sedentarity behaviour were found for C. julis in PC (Table 5) . Whereas the majority of individuals were observed to be sedentary during the day (07:00-17:00), the majority were mobile at 18:00 (Fig. 5) . Even though not statistically signifi cant, the same increase in mobility was observed for D. vulgaris in PC at 18:00 (Fig. 5 ) and for both species in the DF area at 17:00 (Fig. 6) . Hence, the increase in mobility in crepuscular periods is consistent between species in both study areas, but observed in a lesser degree in DF. At the scale of the study area, signifi cant spatial variations in fi sh behaviour were observed (Table 5) . The main activity showed signifi cant spatial variations for both species, but only in the DF study area (Table 5) . Signifi cant differences of social behavioural categories were observed between stations within both study areas and for both species, except for D. vulgaris in PC (Table 5 ). In addition, there were signifi cant differences in mobility and sedentarity between stations for C. julis in PC (Table 5) .
DISCUSSION
The presently reported study provided a "snapshot" of the activity rhythms of two common and abundant Mediterranean diurnal fi sh species in coralligenous habitats. Underwater video systems allowed obtaining temporal, high frequency data on fi sh abundances and behaviour in high-relief, deep-water habitats. It would have been diffi cult to obtain similar data during several consecutive days with the same scuba diver. Moreover, the static and discrete video system has been outlined as an appropriate tool for the study of fi sh behaviour, due to its low disturbance compared to divers, whose presence can induce changes of fi sh behaviour (Chapman et al. 1974 , Hannah and Blume 2012 , Mallet et al. 2014 .
Temporal patterning of abundances and behaviours.
In habitats with high structural complexity, such as coralligenous habitats, high species richness is the usual response of fi sh communities, resulting in an increase in temporal partitioning of species (Letourneur et al. 2001) . Our results highlighted temporal variability of the two fi sh species analysed, regarding abundances and behaviour as a function of the hour during the daylight period.
Intra-diel variations of density estimates have already been observed during daylight hours (Azzurro et al. 2013) . A bell-shaped pattern is generally expected for diurnal species, with an anticipated decline early and late in the day and a peak of abundances at midday (Spyker and Van Den Berghe 1995 , Santos et al. 2002 . Our results partially confi rmed this for Coris julis, since very few individuals were observed in the beginning and end of the day in PC, whereas abundances peaked in the beginning of the afternoon. For Diplodus vulgaris, no signifi cant diurnal pattern in abundances was observed in both study areas. These results do support those from other studies, which revealed no discernible rhythmicity of abundances of D. vulgaris due to highly variable detections (Santos et al. 2002 , Alós et al. 2012 ). Bold print indicates statistical signifi cance (P < 0.05); PC = Port Cros National Park, DF = Deux Frères rocks, df = degrees of freedom, MS = mean squares, Pseudo-F = F value by permutation, P(perm) = permutation P-value, Permut. = number of random permutations. Bold print indicates statistical signifi cance (P < 0.05); PC = Port Cros National Park, DF = Deux Frères rocks; df = degrees of freedom. Bold print indicates statistical signifi cance (P < 0.05); MA = main individual activity, SB = intraspecifi c social behaviour, MS = mobility/ sedentarity; PC = Port Cros National Park, DF = Deux Frères rocks.
Looking at both species, their abundances did not present the same temporal patterning, even though both are considered as diurnal. These results are in agreement with previous studies highlighting that diurnal species patterns are much more diverse than anticipated; there is no "standard" pattern of diurnal variation among the species (Colton and Alevizon 1981, Spyker and Van Den Berghe 1995) . With regards to behaviours, preferential feeding hours were revealed for C. julis. The foraging behaviour is generally considered to be restricted to the period of the day when food is abundant, the presence of predators is reduced and the mortality/food intake rate is minimized (Clark and Levy 1988, López-Olmeda et al. 2006 ). In our study, feeding of C. julis occurred mainly in the morning in PC, whereas the percentage of feeding animals decreased progressively in the afternoon. The morning possibly represents the optimal foraging period regarding prey availability/quality and predation risk for Coris julis. Our results were consistent with the feeding patterns of C. julis described by De Pirrott et al. (1999) : a burst of foraging activity at dawn, followed by a plateau during the central part of the day and a linear decrease before dusk. In our study, different feeding patterns of C. julis were observed between the two study areas. In contrast to PC, abundances of feeding C. julis also peaked in the afternoon in DF, not only in the morning. According to a hypothesis made by De Pirrott et al. (1999) , this feeding pattern with two peaks in the morning and in the beginning if the afternoon could correspond to an increase in relative food availability. Hence, differences in prey availability in the different study areas could possibly provoke variations of feeding patterns. In contrast, Diplodus vulgaris showed several peaks of abundances of feeding animals during the day; leading to the conclusion that feeding potentially occurs at any time of the day for this species. This result is in agreement with Alos et al. (2012) , which outlined no diel-time preference for feeding of D. vulgaris.
Moreover, this study revealed a sudden change of the mobility/sedentarity and the intra-specifi c social behaviour of both species at the end of the day, when fi sh became more mobile and more solitary. Twilight periods and associated changes of behaviour in fi shes have been the subject of numerous studies (Hobson 1972 (Hobson , 1973 . During the transition period between daylight and darkness, species exhibit a changeover from diurnal activities to nocturnal activities, with migrations between diurnal feeding and nocturnal sheltering grounds (Hobson 1972 , Nagelkerken et al. 2000 . Changes in mobility and social behaviour as observed in our study might be explained by activity changes and migrations in crepuscular periods. Nevertheless, these are preliminary results to be interpreted with caution and to be completed by future studies. Variations in abundances, as in our study, do indicate changes in activity patterns at each station or study area, but do not show if animals were not active at other sites of this habitat or in nocturnal periods. Unfortunately, data and understanding could not be completed with samplings in nocturnal periods, since the video systems used in this study are not designed to be used by night.
Temporal segregation between size classes. The majority of studies on diurnal rhythms focus on variations in species abundances without considering life history stages (Spyker and Van Den Berghe 1995, Willis et al. 2006) . However, taking into account abundance variations of different size classes provides additional elements that give better understanding of the patterns observed. Our results stress that diurnal patterning is not only different between species, but also among conspecifi cs of different life stages, represented by different size classes. For instance, abundances of small and medium sized Coris julis were low in crepuscular periods, whereas large-sized individuals were equally abundant during the day. Diel activity partitioning has already been reported for Atlantic salmon, Salmo salar Linnaeus, 1758, with post-young-of-the-year exhibiting mainly nocturnal activity, while young-of-the-year were observed during both day and night (Spyker and Van Den Berghe 1995, Willis et al. 2006) . Regarding D. vulgaris, even though not signifi cant, an increasing abundance of large-sized individuals was observed at the end of the day in PC, which is in agreement with observations from Azzurro et al. (2007) , showing a size distribution skewed toward large individuals during the night time. Indeed, crepuscular periods represent a less favourable period for diurnal individuals, whose vision is not adapted to dim light conditions. This especially concerns young and smallsized individuals, which are exposed to a greater predation pressure than older and bigger fi sh (Helfman 1981 , Gibson et al. 1998 ). An increased activity of larger and older individuals later in the evening compared to smaller fi sh could also be related to a diet shift, as observed in lakes (Helfman 1981) . Consequently, variability in abundances of different life stages at different times of day should be taken into account for population assessments and spatial comparisons.
Spatial variations of abundances and behaviours.
Apart from temporal variations in abundances and fi sh behaviour, spatial differences in patterns of abundances and behaviour were found:
• At large scale between the two study areas, and • At the smallest spatial scale between stations within a study area. At the larger spatial scale, it has to be outlined that the sampling design does not allow the pooling of data of both study areas, since they were sampled in different periods (sampling was spaced over 2 months), showed different hydrodynamic conditions and were exposed to different anthropogenic pressures.
We expected to observe similar general diurnal patterns of abundances and behaviour, despite these differences between the study areas, which was not the case. Even though both study areas consisted of the same habitat of bioconcretions, only PC presented temporal differences in abundances, size classes and behaviour for the two species analysed. No rhythmic patterns were found in the DF study area. In general, diel patterns are more often observed in stable benthic environments, with stable hydrological conditions (Guidetti et al. 2002) , than in habitats with high hydrological instability (Letourneur et al. 2001) . The DF study area is characterized by strong hydrodynamic conditions (strong off-shore swell and currents), compared to more stable conditions in PC, minimizing effects on movement and behaviour (Guidetti et al. 2002) . Hence differences in hydrodynamic conditions could explain the fact that diurnal abundances and behaviour rhythms were only revealed in PC.
Differences in fi shing pressure could also represent a possible factor responsible for observed differences. Fishing is a non-predictable form of predation and could cause a shift in fi sh behaviour, such as the disruption of diurnal movement patterns or different feeding periods.
The small-scale variability in abundances and fi sh behaviour highlighted between stations within a study area can be explained by the availability of microhabitats found in coralligenous habitats. Indeed, the coralligenous habitats of the north-western Mediterranean Sea are known to display very similar biodiversity patterns at site and locality scale (Piazzi et al. 2009 , Casas-Güell et al. 2015 , whereas the greatest variability is found at the scale of the station, linked to the heterogeneity of the substrate and its microhabitats (Balata et al. 2005 , Piazzi et al. 2009 , Casas-Güell et al. 2015 . Conclusions. Our study confi rmed the use of videoimaging as an effi cient non-destructive tool for the study of fi sh fauna in structurally complex, highly valuable habitats. Video-imaging should be considered as a valuable tool for coastal monitoring of fi shes in the actual context of increasing anthropogenic pressures.
Moreover, the study provided preliminary insights into diurnal variations of abundances of different life stages and of fi sh behaviour of two species, which have rarely been studied in the fi eld. Fine-scale diurnal patterns could be examined in depth in other habitats and for other species. Understanding the natural activity rhythms of fi sh species could be the fi rst step in assessing possible modifi cations of activity rhythms in response to changing environmental conditions. Finally, variability in abundances of life stages and of fi sh behaviours at different times of day should be taken into account for population assessments and spatial comparisons.
